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(57) ABSTRACT 

This invention relates to searchlight type light devices 
including underWater light devices and automobile head 
lights. A light device in accordance With the present inven 
tion provides light beam compression along the optical axis 
and thus increases considerably the intensity or optical 
density of the beam. The light device includes a light source, 
a main concave re?ector, and a lens projection system, the 
main concave re?ector and the lens projection system being 
aligned relative to the optical axis and the light source being 
located betWeen the re?ector and the lens projection system, 
on the same optical axis. In addition, the main collecting 
pre-re?ector lens is mounted betWeen the light source and 
the main re?ector, the main re?ector’s concave surface 
being implemented as a segment of sphere, and the light 
source being located in the focal point of such main re?ector. 
Said main collecting pre-re?ector lens has a focal length 
exceeding the main re?ector’s focal length by a factor of 
1.25—2.0, its diameter is equal to or exceeds the main 
re?ector diameter, and this lens is located at a distance from 
the main re?ector Which does not exceed half of the distance 
from the main re?ector to the light source. 

22 Claims, 1 Drawing Sheet 



Aug. 12, 2003 US 6,604,843 B2 U.S. Patent 



US 6,604,843 B2 
1 

SEARCHLIGHT WITH IMPROVED OPTICAL 
DENSITY 

FIELD OF THE INVENTION 

This invention relates in general to searchlight type light 
devices including underwater light devices and automobile 
headlights and the like and, in particular, to a searchlight 
type light device including an optical collector interposed 
betWeen a source and a re?ector for improved beam optical 
density. 

BACKGROUND OF THE INVENTION 

Search lights are used in a number of applications includ 
ing vehicle headlights, underWater lights, search lights for 
emergency vehicles such as police cars, helicopters, etc., and 
the like. In many of these applications, it is desired to 
provide a narroW beam of light. A narroW beam of light may 
be desired to provide more effective illumination at large 
distances, greater intensity for a given light source at a given 
distance and to reduce the intensity of stray light outside of 
the desired area of illumination that may, for example, annoy 
oncoming motorists or pose a safety risk. 

Search lights typically include a light source, a re?ector 
behind the light source and a lens in front of the light source. 
The re?ector and lens are intended to act in concert to collect 
light from the source and collimate or focus the light into a 
desired beam. Much development Work has been directed to 
the design of the re?ector and lens so as to produce a narroW 
beam and signi?cant advances have been made in this 
regard. 

One knoWn light device is described in Russian patent 
application no. RF 98109712 “Headlight for Automobiles” 
(priority dated May 19, 1999 and published Feb. 27, 2000). 
That device includes a re?ector, a refractor, and a light 
source. The re?ector has a base surface of spherical, 
parabolic, elliptical or hyperbolic type and is equipped With 
convex or concave basic re?ecting elements Whose Working 
surface is shaped as a BeZier surface or looks like a circle or 
an ellipse in the vertical and horiZontal cross-sections. In 
addition, the basic re?ecting elements are equipped With 
concentrating re?ecting elements Whose vertical dimension 
is less than or equal to that of the basic re?ecting elements, 
and the horiZontal dimension is less than or equal to that of 
the basic re?ecting elements. 

Another knoWn light device is described in Russian patent 
no. RF 2115060 “Headlight for Transport Vehicles” (priority 
dated Dec. 16, 1993 and published Jul. 10, 1998). That 
headlight is a projection type headlight and includes a 
re?ector, a light source, a screen and a lens. The re?ector is 
a concave surface shaped as a paraboloid, the light source is 
located inside this re?ector, and the lens is located so that its 
optical axis coincides With the re?ector’s optical axis, and its 
focal point coincides With the focal point of the same 
re?ector. 

Afurther knoWn device is described in Russian patent no. 
RF 2149307 “Light Device” (priority dated Dec. 1, 1998 and 
published May 20, 2000. That device includes a light source, 
an ellipsoidal re?ector, a lens projection system optically 
aligned With the ellipsoidal re?ector, and a re?ector 
diaphragm located betWeen the ellipsoidal re?ector and the 
projection system. The light source is located in the ellip 
soidal re?ector’s geometrical center, and the ellipsoidal 
re?ector proper and the lens projection system are so 
arranged relative to each other that their focal points coin 
cide. 
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2 
Devices such as described in these patents typically have 

limited luminous ?ux intensity or optical density in the 
transmitted beam, e.g., because the direct association of the 
source With the re?ector provides a beam diameter at least 
as great as that of the re?ector, because the lens projection 
system provides a collimated or diverging beam or because 
the devices otherWise generally provide a beam that is not 
compressed along its axis. 

SUMMARY OF THE INVENTION 

An important advantage of this invention is the provision 
of a light device Where the light beam is minimally divergent 
or compressed along the optical axis, thereby alloWing for 
increased intensity over an illumination range of interest. In 
accordance With one aspect of the invention, the light device 
includes a light source, a main concave re?ector, and a lens 
projection system, the main concave re?ector and the lens 
projection system being aligned, and the light source being 
located betWeen the re?ector and the lens projection system 
and on the same optical axis. The device includes a main 
collecting pre-re?ector lens mounted betWeen the light 
source and the main re?ector. Preferably, the main re?ec 
tor’s concave surface is implemented as a segment of sphere, 
and the light source is located in the focal point of this main 
re?ector. The main collecting pre-re?ector lens preferably 
has a focal length exceeding the main re?ector’s focal 
distance by a factor of 1.25—2.0, its diameter is preferably 
equal to or exceeds the main re?ector’s diameter, and this 
lens is preferably located at a distance from the main 
re?ector Which does not exceed half of the distance from the 
main re?ector to the light source. 

According to another aspect of the invention, a collecting 
pre-re?ector lens is so mounted in the light device that it can 
be displaced along its optical axis, Which facilitates a precise 
optical adjustment of the entire device resulting in a denser 
and narroWer optical beam. 

In accordance With a further aspect of the invention, a 
diaphragm can be mounted before the lens projection system 
in the light device, thus reducing the level of the transmitted 
radiation component that has not been compressed in a 
narroW light beam by the device. 

According to a still further aspect of the present invention, 
an auxiliary concave re?ector and a second collecting pre 
re?ector lens can be provided in the light device. In that 
case, the dimensions and shape of the auxiliary re?ector are 
preferably similar to those of the main concave re?ector, but 
a through hole is cut in the Wall of the auxiliary re?ector, no 
less in diameter than half of the point light source diameter, 
but no bigger than tWo diameters of such point light source, 
the axis of this through hole coinciding With the auxiliary 
re?ector’s optical axis. All characteristics of the second 
collecting pre-re?ector lens are preferably similar to the 
characteristics of the main collecting pre-re?ector lens. The 
auxiliary concave re?ector and the other collecting pre 
re?ector lens are preferably located opposite to the light 
source relative to the main concave re?ector and the main 
biconvex lens, symmetrically With them, and so that the 
optical axes of the auxiliary concave re?ector and the other 
collecting pre-re?ector lens coincide With the optical axis of 
the main concave re?ector. The auxiliary concave re?ector 
can be mounted at such a distance from the main concave 
re?ector that the focal points of both re?ectors Will coincide. 
An important aspect of the present invention relates to the 

use of a focusing or some other lens mounted betWeen the 
light source and the re?ector. Such a lens collects the 
radiation coming from the light source in a light spot of 
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small diameter on the re?ector. The re?ector additionally 
focuses the radiation collected in the light spot in an even 
narroWer light spot on the collecting lens. The luminous 
radiation passing from the light spot through the lens 
mounted before the re?ector is collected in the focal point of 
the lens. Since the luminous radiation passing through the 
pre-re?ector lens comes from a light spot of small diameter, 
the divergence of the radiation focused by this pre-re?ector 
lens is loW. Therefore, When this radiation reaches the lens 
projection system mounted behind the light source, the lens 
projection system shapes this radiation as a minimum 
divergence or compressed narroW light beam. In addition, 
this narroW light beam is formed of the radiation focused on 
the re?ector, and so its intensity is high: output measure 
ments have shoWn that its intensity is at least tWice as great 
as the intensity of the radiation produced by certain knoWn 
devices. Even taking into consideration the fact that a 
pre-re?ector lens mounted betWeen the light source and the 
re?ector causes radiation losses because of its re?ection 
from the surface of that lens, radiation intensity proves to be 
at least tWice as great in the beam formed using the inventive 
device as When the light beam is obtained using certain 
knoWn light devices. The reason is that the effect caused by 
the pre-re?ector lens’ focusing action proves to be greater 
than the effect caused by radiation re?ection on the surface 
of this lens. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a diagram of the light device With a single 
re?ector and a single collecting pre-re?ector lens. 

FIG. 2 shoWs a diagram of the light device With tWo 
re?ectors and tWo collecting pre-re?ector lenses. 

DETAILED DESCRIPTION 

One embodiment of a light device in accordance With the 
present invention is shoWn in FIG. 1. The illustrated device 
generally includes a main re?ector 1 With a re?ecting 
surface implemented as a segment of sphere; a point light 
source 2, eg an electric lamp or an arc candle; a lens 
projection system 3; a main collecting pre-re?ector lens 4, 
Which is biconveX and symmetrical in this example; and 
diaphragm 5. The main re?ector and lens projection system 
3 are located opposite each other and so that their optical 
aXes coincide and the distance betWeen them is at least about 
1.5 the main re?ector 1 focal distance. Point light source 2 
is mounted betWeen main re?ector 1 and lens projection 
system 3. This point light source 2 is located on the main 
re?ector 1 optical aXis, and its location coincides With the 
main re?ector’s focal point. Main collecting pre-re?ector 
lens 4 is mounted betWeen light source 2 and main re?ector 
1, Whose focal distance is about 1.25—2.0 times as big as the 
main re?ector’s focal distance. Main collecting pre-re?ector 
lens 4 is mounted so that its optical aXis coincides With the 
optical aXis of main re?ector 1, and its distance from main 
re?ector 1 is about 0.5—0.25 of the main re?ector 1 focal 
distance. Diaphragm 5 is mounted before lens projection 
system 3, Whose hole diameter and distance to lens projec 
tion system 3 are chosen so as to minimiZe the level of 
luminous radiation from light source 2 that has not reached 
main re?ector 1. 

In an alternative embodiment, an auXiliary re?ector 6 can 
be mounted in this light device (see FIG. 2). This auXiliary 
re?ector 6 has a re?ecting surface identical to that of main 
re?ector 1 i.e., its surface is shaped as a segment of sphere, 
and the focal distance is equal to that of main re?ector 1. 
HoWever, through hole 7 is cut auXiliary re?ector 6, Whose 
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4 
aXis coincides With the optical aXis of this auXiliary re?ector 
6. The auXiliary re?ector 6 is located so that its optical aXis 
coincides With the optical aXis of main re?ector 1 and its 
focal point coincides With the focal point of main re?ector 
1. An auXiliary collecting lens 8 is mounted betWeen light 
source 2 and auXiliary re?ector 6, Whose focal length is 
about 1.25—2.0 times as big as the focal length of auXiliary 
re?ector 6. The auXiliary collecting lens 8 is located so that 
its optical aXis coincides With the optical aXis of main 
re?ector 1, and its distance from auXiliary re?ector 6 does 
not eXceed half of the distance auXiliary re?ector 6 to light 
source 2. A lens projection system 3 is mounted before 
through hole 7 on the side that is on to that opposite Which 
light source 2 is located. This lens projection system 3 is 
located so that its optical aXis coincides With the optical aXis 
of main re?ector 1. 

In the event that the device includes the main re?ector 
alone, it functions as folloWs (see FIG. 1). Luminous radia 
tion propagates from light source 2 in all directions in 
dissipated form. A part of dissipated luminous radiation 
immediately reaches lens projection system 3 Where it is 
collimated in a narroW light beam, and this beam is trans 
mitted into the illuminated space. Another part of this 
dissipated luminous radiation, Which goes in a direction that 
is opposite to main lens projection system 3, ?rst reaches 
main collecting pre-re?ector lens 4. This main collecting 
pre-re?ector lens 4 focuses the dissipated luminous radiation 
in a light spot on the re?ecting surface of main re?ector 1, 
Whose diameter depends upon the distance betWeen main 
collecting pre-re?ector lens 4 and the re?ecting surface of 
main re?ector 1. 
Main re?ector 1 re?ects the luminous radiation coming 

from this light spot, and shapes it as a focused light beam 
With the focal point located in or near the body of main 
collecting pre-re?ector lens 4, since light source 2 is located 
in the focal point of main re?ector 1 according to the design 
of this device. HoWever, the luminous radiation from this 
light spot, re?ected from main re?ector 1, reaches main 
collecting pre-re?ector lens 4 again. This main collecting 
pre-re?ector lens 4 has a focal length eXceeding that of main 
re?ector 1 by a factor of 1.25—2.0 according to the design of 
this device. Therefore, main collecting pre-re?ector lens 4 
collects the luminous radiation coming from main re?ector 
1 in a loW-divergent narroW light beam subsequently reach 
ing lens projection system 3 Where it is additionally colli 
mated in a narroW substantially parallel light beam, and then 
directed into the illuminated space. Test results shoW that the 
intensity of this light beam is at least tWice as high as the 
intensity of the light beam produced in the absence of main 
collecting pre-re?ector lens 4, other light device parameters 
being identical. HoWever, if diaphragm 5 is mounted in this 
device, it Will cut off that part of luminous radiation that has 
not been collected by main re?ector 1 With main collecting 
pre-re?ector lens 4 and by auXiliary re?ector 6 (FIG. 2) onto 
auXiliary collecting lens 8 Where this luminous radiation is 
focused again, and then reaches main collecting pre-re?ector 
lens 4. This main collecting pre-re?ector lens 4 focuses the 
luminous radiation again, and collects it in a light spot on the 
surface of main re?ector 1, Whose diameter does not eXceed 
the diameter of the light beam formed by same main 
collecting pre-re?ector lens 4 during the passage of the 
luminous radiation coming directly from light source 2 
through main collecting pre-re?ector lens 4. Then the light 
beam formation process taking place during the re?ection of 
luminous radiation coming from this light spot develops as 
described above. The luminous radiation reaching lens pro 
jection system 3 is a total of the luminous radiation coming 
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from light source 2 directly to auxiliary collecting lens 8, the 
luminous radiation coming from light source 2 to main 
re?ector 1 With main collecting pre-re?ector lens 4, and the 
luminous radiation coming from light source 2 to auxiliary 
re?ector 6 With auxiliary collecting lens 8. All these radia 
tion ?uxes combine to a single ?ux of approximately equal 
diameter and divergence, and then are additionally formed in 
common lens projection system 3, so a light beam is formed 
at the output of this lens projection system 3 With an 
intensity equal to the total of the intensities of all of the light 
beams listed above and a loW divergence. Test results shoW 
that the intensity of this light beam is at least 3—4 times as 
high as the intensity of the light beam obtained in certain 
knoWn light devices With identical light characteristics of the 
light source. 
What is claimed: 
1. A light device comprising: 
a light source; 
a concave re?ector; 

a lens projection system; 
said light source, re?ector and lens system being substan 

tially aligned relative to an optical axis; and 
a biconvex collecting lens betWeen said light source and 

said re?ector. 
2. Alight source as set forth in claim 1, Wherein said light 

source is one of an electric lamp and an arc candle. 
3. A light source as set forth in claim 1, Wherein said 

re?ector is formed as a segment of a sphere. 
4. A light source as set forth in claim 1, Wherein said 

re?ector has a focal length, l, and said lens projection system 
and said re?ector are separated by a distance, d, Where 
d§1.5 l. 

5. Alight source as set forth in claim 1, Wherein said light 
source is located substantially at a focal point of said 
re?ector. 

6. A light source as set forth in claim 1, Wherein said 
collecting lens has a focal length of 11 betWeen about 1.25 
and about 2.0 times the focal length, 12, of said re?ector. 

7. A light source as set forth in claim 1, Wherein said 
collecting lens is disposed a distance d1, from said source 
relative to said optical axis and said re?ector is disposed a 
distance d2 from said source relative to said optical axis, 
Where dlil/zdz. 

8. A light source as set forth in claim 1, Wherein said 
re?ector has a focal length, l, and said collecting lens is 
disposed at a distance, d, from said re?ector relative to said 
optical axis, Where 0.25 l§d§0.5 l. 

9. A light source as set forth in claim 1, Where a diameter 
of said collecting lens is at least as great as a diameter of said 
re?ector. 

10. A light source as set forth in claim 1, Wherein said 
collecting lens is movable along said optical axis relative to 
said light source and said re?ector. 

11. A light source as set forth in claim 1, further com 
prising a diaphragm disposed betWeen said source and said 
lens projection system. 

12. A light source as set forth in claim 11, Wherein said 
diaphragm has an aperture dimensioned to minimiZe trans 
mission of unre?ected light along said optical axis toWards 
said lens projection system, Where said unre?ected light is 
light transmitted directly from said source free from re?ec 
tion by said re?ector. 

13. A light source as set forth in claim 1, further com 
prising an auxiliary re?ector system disposed betWeen said 
source and said lens projection system. 

14. A light source as set forth in claim 13, Wherein said 
auxiliary lens projection system comprises a second collect 
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6 
ing lens and a second re?ector, Wherein ?rst said re?ector 
and ?rst said collecting lens are substantially aligned relative 
to said optical axis on a ?rst side of said source and said 
second re?ector and said second lens are substantially 
aligned relative to said optical axis on an opposing second 
side of said source. 

15. A light source as set forth in claim 14, Wherein said 
dimensions of said second collecting lens and said second 
re?ector substantially match those of said ?rst said collect 
ing lens and said ?rst said re?ector, respectively. 

16. A light source as set forth in claim 13, Wherein said 
source has a diameter, d1, and said auxiliary re?ector system 
comprises a re?ector surface having an aperture therein, said 
aperture having a diameter, d2, Where 1/2d1§d2§2 d. 

17. A light source as set forth in claim 1, Wherein said 
re?ector is disposed on a ?rst side of said source relative to 
said optical axis and said lens system is located on a second 
side of said source, opposite said ?rst side, relative to said 
optical axis. 

18. A light device comprising a light source, a main 
concave re?ector, and a lens projection system, the main 
concave re?ector and the lens projection system being 
optically aligned and the light source being located betWeen 
the re?ector and the lens projection system and also on the 
same optical axis as they are, Wherein a main collecting 
pre-re?ector lens is mounted betWeen the light source and 
the main re?ector, the concave surface of the main re?ector 
is shaped as a segment of sphere, the light source is located 
in the focal point of that main re?ector, said main collecting 
pre-re?ector lens has a focal length exceeding that of the 
main re?ector by a factor of about 1.25—2.0, its diameter is 
equal to or exceeds the main re?ector diameter, and this lens 
is located at a distance from the main re?ector Which does 
not exceed half of the distance from the main re?ector to the 
light source. 

19. A light device as set forth in claim 18, Wherein the 
main collecting pre-re?ector lens is so designed that it can 
be displaced along its optical axis. 

20. A light device as set forth in claim 18, Wherein a 
diaphragm is mounted in said light device betWeen the lens 
projection system and the light source, and an optical axis of 
said device is aligned With the optical axes of this lens 
projection system and the main re?ector. 

21. A light device as set forth in claim 18, further 
comprising an auxiliary concave re?ector and a second 
collecting pre-re?ector lens mounted in said device, Wherein 
dimensions and shapes of said auxiliary re?ector are similar 
to those of the main concave re?ector, a through hole is cut 
in a Wall of said auxiliary re?ector, no less in diameter than 
half of the point light source diameter, but no bigger than 
tWo diameters of such point light source, and an axis of said 
through hole coincides With the supplementary re?ector’s 
optical axis; Wherein said auxiliary concave re?ector and the 
second collecting pre-re?ector lens are located opposite to 
the light source relative to the main concave re?ector and the 
main collecting pre-re?ector lens, symmetrically With them, 
and so that the optical axes of the auxiliary concave re?ector 
and the second collecting pre-re?ector lens coincide With the 
optical axis of the main concave re?ector. 

22. A light device as set forth in claim 21, Wherein the 
auxiliary concave re?ector is located at such a distance from 
the main concave re?ector that the focal points of both 
re?ectors coincide. 


